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ABSTRACT: 

The invention concerns a method for the synthesis of hydrocarbons by reacting a 
mixt. comprising at least carbon monoxide and hydrogen in the presence of a 
catalyst carried out in a three-phase reactor, wherein the liq, Peclet no. 
ranges between 0 (excluded) and .apprx.lO, at a gas surface speed Ug preferably 
<35 cm./s, to promote the transfer of the gas into the liq. phase and avoid too 
much attrition of catalyst grains. 
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** See image for Certificate of Correction ** 

TITLE: Process using a supported catalyst for hydrocarbon synthesis 

Rr-iRf .qnmmaTy Text (5) : 

The reaction to convert carbon monoxide and hydrogen mixtures (so called syngas) to 
higher hydrocarbons over metallic catalysts has been known since the turn of the 
century. This reaction is commonly referred to as the Fischer- Tropsch or F-T 
synthesis. The F-T synthesis was exploited commercially during WWII in Germany. By 
1944 a total of nine F-T plants were operating in Germany, primarily using a 
catalyst composed of cobalt, magnesium oxide, thorium oxide, and kieselguhr, in the 
relative composition 100:5:8:200. Later, most of the thoria was replaced by 
magnesia, primarily for economic reasons. Currently, rnmmR-rrial Fisrher-T-rnpgrh 
plants, which use a precipitated iron-based catalyst which contains various 
promoters to improve the stability and product distribution, are operating in South 
Africa. 

R-ripf Nummary Text (6) : 

The common F-T catalysts are nickel, cobalt, and iron. Nickel was probably the first 
substance to be recognized as capable of catalyzing the reaction of syngas to 
hydrocarbons, producing mainly methane (see, for example, R. B. Anderson, The 
Fificher-Tropsch Synthesis, Academic Press (1984), p. 2). Iron and cobalt are able to 
produce higher chain hydrocarbons and are, thus, preferred as catalysts for the 
production of liquid hydrocarbons. However, other metals are also capable of 
catalyzing the conversion of synthesis gas. Among the Group VIII metals, ruthenium 
is a very active catalyst for the formation of hydrocarbons from syngas. Its 
activity at low temperatures is higher than that of Fe, Co, or Ni, and it produces a 
large amount of heavy hydrocarbons. At high pressures, it produces a large amount of 
high molecular weight waxes. Other metals which are highly active, such as rhodium, 
yield high amounts of oxygenated materials (see Ichikawa, Chemtech, 6, 74 (1982)). 
Osmium has been found to be moderately active, while Pt, Pd, and Ir exhibit low 
activity (see Pichler, Advances in Catalysis, vol. IV, Academic Press, N.Y. (1952), 
R. B. Anderson, The Fi flrhf^r -T-rnp.grh Synthesis, supra and Vannice, Journal of 
Catalysis, 50, 228-236) . 

Brief Summary Te.xt (7) : 

Other metals that have been investigated include rhenium, molybdenum, and chromium, 
but these exhibit very low activity with most of the product being methane (see R. 
B. Anderson, Thf> ft cir!hP*-r-T-rnpfirb Synthesis, supra) . 

Rrif^f .qnmmary TRxt (9) : 

Combinations of cobalt with non-F-T active metals have also been reported for the 
conversion of synthesis gas to specific products and, in some cases, at specific 
conditions. In Nakaoji, U.S. Pat. No. 3,988,344, the combination of cobalt with a 
second Group VIII metal and tungsten is claimed for the enhanced production of 
methane from synthesis gas. Knifton, U.S. Pat. No. 4,390,734 and Japanese Kokai 
57/130932 describe the combination of Co and Rh for the production of oxygenated 
products, such as glycols or aldehydes. Fischer-Tropsch catalysts consisting of 
combinations of cobalt with either platinum or palladium, supported on a variety of 
solids, including alumina, have been reported by Sapienza et al., U.S. Pat. No. 
4,396,539. These catalysts, however, relied on preparation from the metal carbonyls 
in order to form solid solutions on the surface of the solid support and were 
distinguished by an x-ray impermeable layer covering the support, thereby resulting 
in a catalyst exhibiting a unique x-ray diffraction pattern in which the structure 
of the solid support was completely masked by the metallic components. In 
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and more preferably from TOOO to 10,000 cm. sup. 3 /q/Yi, where gaseous hourly space 
vplorihy is defined as the volume of gas (measured at standard temperature and 
pressure) fed per unit weight of catalyst per hour, 

nRtailpd Dp.srri pt ion Text (25) : 

The hydrocarbon products from F1 scher-Tropsch synthesis are distributed from methane 
to high boiling compounds according to the so called Schulz-Flory distribution, well 
known to those skilled in the art. The Schulz-Flory distribution is expressed 
mathematically by the Schulz-Flory equation: 

Detailed Description Text (28) : 

It is well known, and also shown in the following examples, that the metals from the 
group consisting of platinum, iridium, and rhodium are alone low activity catalysts 
for Fificher-Tropsch synthesis producing products which are predominantly methane, or 
in the case of rhodium, oxygenates. 



CLAIMS : 



1. A process for the production of hydrocarbons comprising the step of contacting a 
synthesis gas feed comprised of hydrogen and carbon monoxide with a catalyst 
consisting essentially of an amount of cobalt catalytically active in a 
F-i Rnhe-r-T-rnpgrh synthesis, and at least one second metal selected from the group 
consisting of iridium, rhodium, and mixtures thereof composited on an alumina 
support, said second metal being present in relatively lesser amounts than the 
cobalt content of the catalyst, at a temperature, gas hourly space velocity and a 
pressure useful for promoting a Fi scher-Tropfich Synthesis. 

3. A process for the production of hydrocarbons comprising the step of contacting a 
synthesis gas feed comprised of hydrogen and carbon monoxide with a catalyst 
consisting essentially of an amount of cobalt catalytically active in a 
Ft firhf^r-TrnpRrh synthesis, at least one second metil selected from the group 
consisting of iridium, rhodium, and mixtures thereof, and a promoter, wherein said 
promoter is an oxide of a metal selected from the group consisting of periodic 
groups IIIB, IVB, and VB, the lanthanides, the actinides, magnesium, and mixtures 
thereof, composited on an alumina support, said second metal being present in 
relatively lesser amounts than the cobalt content of the catalyst, said promoter 
ranging from about 0.1 to about 5 wt % of the catalyst, at a temperature, gas hourly 
space velocity and a pressure useful for promoting a Fischer -T-rnpgrh Synthesis. 
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particular, when the cata^sts of the Sapienza et al. patent are supported on 
alumina, they are distinguished by the complete absence of any x-ray diffraction 
peaks in the 2 .theta. range of 65 to 70 degrees. In x-ray diffraction .theta. 
equals the angle of refraction. 

Brief Summary Text (11): . 

In a series of European patent applications (EP 110449, EP 142888, EP 167215, and EP 
188304), Shell International described an improved F-T catalyst comprised of cobalt 
promoted by at least one of the metals in the group consisting of zirconium, 
titanium, and chromium, preferaQjly supported on silica, alumina, or silica-alumina. 
The addition of Group VIII noble metals to zirconia-promoted cobalt catalysts was 
claimed in European patent application EP 221598, which teaches improved activity 
upon addition of platinum to a cobalt catalyst already promoted with zirconia. Thus, 
the Shell work shows that the addition of a Group VIII metal to a Fischer-TropRnh 
catalyst is only useful when the catalyst already incorporates a well known 
promoter, such as zirconia, as a main component of the catalyst. 

R-rifif .gnmrna-ry Tfiyt", (14) : 

It has been found in accordance with the present invention that synthesis gas 
comprising hydrogen and carbon monoxide can be converted to liquid hydrocarbons by 
using a process which includes the step of contacting such a synthesis gas feed over 
a catalyst comprising amounts of cobalt catalytically active in a Fi grhf^r-Trnpgrh 
Synthesis and at least one loading -insensitive second metal selected from the group 
consisting of platinum, iridium, and rhodium composited on an alumina support. The a 
finished catalyst exhibits a positive x-ray diffraction pattern having peaks in the 
2. theta. range of about 65 to 70 degrees, where .theta. is the angle of refraction. 
The second metal is present in relatively lesser amounts than the cobalt content. 
The catalyst preferably contains from about 5 to 60 wt % cobalt and has a content of 
the second metal between about 0.1 and 50 wt % of the cobalt content of the 
catalyst. The alumina preferably is gamma alumina. 

Brief Summary Text (15) : 

It has been found that the addition of one or more of the metals from the group 
consisting of platinum, iridium, and rhodium to a catalyst consisting predominantly 
of cobalt supported on alumina results in greatly enhanced activity for the 
conversion of synthesis gas to hydrocarbons. Platinum, iridium, and rhodium are not 
very active a«=; Fi Firhf^r-Trop5=5r:h catalysts on their own, and it has surprisingly been 
found that the addition of the other non-Fischer-Tropsch noble metals to a cobalt 
catalyst does not result in greatly improved activity. The improvement upon addition 
of platinum, iridium, or rhodium to a cobalt catalyst is surprisingly not observed 
when the catalytic components are distended on supports other than alumina, for 
example silica or titania. 

Detailed Description Text (2) : 

The catalyst used in the process of the present invention comprises as the active 
catalytic ingredients cobalt and one or more metals from the group consisting of 
platinum, iridium, and rhodium supported on alumina with the second metal present in 
a relatively smaller amount than cobalt. The finished catalyst exhibits a positive 
x-ray diffraction pattern having peaks in the 2 .theta. range of about 65 to 70 
degrees. This catalyst has been found to be highly active for the conversion of 
synthesis gas, a mixture of hydrogen and carbon monoxide, into a mixture of 
predominately paraffinic hydrocarbons. As indicated above, it has long been known 
that cobalt is an active catalyst for the F-T synthesis. It is also known that the 
addition of ruthenium to a cobalt catalyst gives improved activity, but ruthenium is 
known to be an active Fi Rrhpr -Trnpgrh metal on its own. In our invention, it has 
been found that among the non-Fischer-Tropsch metals in Group VIII of the Periodic 
Table, some of these metals produce enhanced activity when added to a supported 
cobalt catalyst without the need to form solid solutions on the surface of the 
support, while others of these metals give no improvement. Although a number of 
supports have been studied in the present work and the improvement of this invention 
has only been observed with alumina, the discovery of another support exhibiting a 
similar effect would not be entirely surprising. 

Detailed Description Text (20) : 

The reaction temperature is suitably between 150. degree, and 300. degree. C; and 
more preferably between 175. degree, and 250. degree. C. The total pressure can be 
from atmospheric to around 100 atmospheres, preferably between 1 and 30 atmospheres. 
The gaseous hourly piparp^ vf^lnrlhy, based on the total amount of synthesis gas feed, 
is preferably between 100 and 20,000 cm. sup. 3 of gas per gram of catalyst per hour; 
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